INTRODUCTION
Intravenous thrombolysis with recombinant tissue plasminogen activator (rt-PA) administered within 4.5 hours from onset of stroke symptoms improves the clinical outcome of patients with acute ischaemic stroke (AIS). [1] [2] [3] [4] Some early arrival patients are not treated with rt-PA because of exclusion criteria that were previously based on exclusions from the initial thrombolysis trials. 5 Further randomised trials 6 and analyses from subgroups of trials 7 and large case series have since suggested early thrombolysis is indicated even in advanced age, 8 9 in both mild and high stroke severity and with rapidly improving symptoms. [10] [11] [12] [13] One prominent reason for non-thrombolysis is time delay. 14 15 Although very early thrombolysis remains a major goal in acute stroke care, there is now scientific evidence that intravenous thrombolysis is effective up to 4.5 hours. 2 4 With respect to relative and absolute contraindications for intravenous thrombolysis, our aim was to obtain the frequency and reasons for non-thrombolysis and how these have changes over time.
METHODS
This was a retrospective analysis of the Acute STroke Registry and Analysis of Lausanne (ASTRAL). As described previously, 16 data of all patients with AIS admitted to the stroke unit and/or intensive care unit at the Centre Hospitalier Univeristaire Vaudois (CHUV), Switzerland, between 2003 and 2011 were collected in a pre-specified manner at the time of patient presentation. Demographic data, onset-to-door-time,
Key messages
What is already known on this subject? Thrombolysis with recombinant tissue plasminogen activator (rt-PA) is standard therapy for patients with acute ischaemic stroke in the first 4.5 hours after stroke onset. Some contraindications defined at the introduction of thrombolysis with rt-PA for ischaemic stroke have not shown be increase the risk for patients. Therefore, most such patients should also be treated with thrombolysis and reasons for not being thrombolysed are of major interest in improving thrombolysis rates.
What this study adds?
In this study using prospectively collected data from a large, single centre Swiss stroke database, we found that the primary reason for nonthrombolysis was delay in presentation. About 20% of patients who arrived within the appropriate timeframe were not thrombolysed due to only relative contraindications. Growing evidence about safety of thrombolysis in those certain patient groups may lead to higher thrombolysis rates. Finally, given that onset-toadmission delays remain the main exclusion criterion for thrombolysis, we could corroborate the urgent need for further optimising stroke recognition and pre-hospital systems of care by educating the population and ( para)medical personnel about the paramount importance of time in suspected stroke.
known or newly diagnosed vascular risk factors (arterial hypertension, atrial fibrillation, diabetes mellitus, valve replacements, coronary artery disease, smoking, etc) and previous cerebrovascular events were recorded. Stroke pathophysiology was classified according to the Trial of Org 10172 in Acute Stroke Treatment 17 classification, with four classes added (cervical artery dissections, likely atherosclerosis without significant stenosis, 18 multiple mechanisms and probable relation to a patent foramen ovale). Stroke severity on arrival was recorded with the National Institute of Health Stroke Scale (NIHSS) score performed or supervised by certified medical personnel. Relevant data such as demographics, initial NIHSS score, onsetto-admission delays, acute recanalisation treatment and reasons for non-thrombolysis were completely available because the registry forces the user to complete these fields.
Thrombolysis and stroke management of ASTRAL patients and the written in-hospital thrombolysis guidelines are in line with European Stroke Organisation (ESO) 19 and Swiss recommendations 20 and are adapted regularly to take account of evidence-based publications. 2 21 22 Detailed reasons for nonthrombolysis are pre-specified in ASTRAL and collected in six domains: time delays, initial stroke severity, age, imaging, high bleeding risk and other reasons. The detailed reasons for each domain with modifications over time are listed in table 1. In the whole observation period, thrombolysis contraindications were classified as absolute or relative (table 1) . Further absolute contraindications such as acute pancreatitis, bacterial endocarditis, pericarditis, oesophageal varices, ulcerative gastrointestinal disease or neoplasms with acute bleeding risk are not explicitly listed but were considered in the database. Reasons for nonthrombolysis could be singular or multiple. The absence of any good reasons against intravenous thrombolysis according to the current hospital recommendations (a 'missed' thrombolysis opportunity) was explicitly documented at the time of entering the data in ASTRAL, that is, during the acute hospital stay of the patient. Using the ASTRAL registry, consecutive patients with AIS admitted to the stroke unit and/or intensive care unit at the CHUV between 2003 and 2011 within 24 hours of the last proof of good health were retrospectively analysed for the reasons why they did not receive intravenous rt-PA treatment. Since delayed presentation was likely to be an important factor in those presenting outside the treatment window, we also compared the reasons for non-thrombolysis between those presenting within the early treatment window and those presenting later. Because the response to thrombolysis becomes minor beyond 3 hours and even less beyond 4.5 hours, 23 we chose 180 min as the latest cut-off, considering that patients could not be thrombolysed beyond this delay before 2008 and allowing for some in-hospital time thereafter. Additionally, we compared the frequency and reasons for non-thrombolysis during the first 
RESULTS

Patient population
Over the 9-year observation period 
Reasons for non-thrombolysis of patients
The most frequent causes for exclusion of thrombolysis among all patients were onset-to-admission delays (often including wake-up strokes), which were found in 66.3% of nonthrombolysed patients followed by mild strokes (45.8%), according to the hospital guidelines at the time (table 5) . A total of 1128 patients (55.9%) had more than only one reason for exclusion.
Reasons for non-thrombolysis for those within the early therapeutic window
The median age of non-thrombolysed patients treated ≤180 min was 73 (IQR 61, 82), admission NIHSS score was 4.5 (IQR 2, 11) and main stroke aetiology was cardioembolic (30.8%) followed by macroangiopathic stroke without significant stenosis 18 (13.5%) and macroangiopathic stroke with ≥50% stenosis (13.2%), whereas the median age of those treated >180 min was 73 (IQR 60, 82), median NIHSS score was 5 (IQR 2, 10) and main stroke aetiology was cardioembolic (26.1%) followed by microangiopathic stroke (17.1%) and macroangiopathic stroke without significant stenosis (14.9%). The bivariate analysis of patients treated ≤180 min versus >180 min after stroke onset is shown in table 6; significantly more patients in the early group had severity reasons for exclusion (mostly too mild strokes), were aged > 80 years, had higher bleeding risks and had other reasons like recent stroke or pre-stroke comorbidity/ dependency. In the multivariate analysis of early (≤180 min) versus late arriving non-thrombolysed patients, those in the early group significantly had more mild strokes, were aged >80 years, had high bleeding risk and had atrial fibrillation (table 2) . Among patients admitted early, reasons for not being thrombolysed were more often a combination of different reasons rather than one single reason alone.
Change over time
The median age of non-thrombolysed patients treated in 2003-2006 was 73 (IQR 60, 81); admission NIHSS score was 5 (IQR 3, 12) and main stroke aetiology was cardioembolic (28.9%) followed by microangiopathic stroke (17.8%) and macroangiopathic stroke without significant stenosis (15.7%), whereas the median age of those treated in 2007-2011 was 74 (IQR 61, 83); median NIHSS score was 4 (IQR 2, 9) and main Figure 1 Rates of thrombolysed patients per year (n=2618). were excluded because they were thought to be too severely affected, their age was >80 years, they had rapid neurological improvement or they were too late arriving. After 2006 (when older patients and later-arriving patients could be thrombolysed), significantly more patients were excluded because of unknown stroke onset, too mild stroke, comorbidity or dependency, unrecognised stroke, increased bleeding risk, imaging reasons and intracranial haemorrhage. Also more patients had diabetes and hyperlipidaemia, while fewer patients had microangiopathic strokes.
DISCUSSION
Using a consecutive single-centre series of patients with AIS having detailed pre-specified recording of reasons for nonthrombolysis over a period of 9 years, we found time delays to be the main reason. We also found a remarkable number of patients excluded from thrombolysis on account of one single relative contraindication-mild stroke symptoms being the most frequent cause in all patients and in early arrivals. The thrombolysis rate increased over time because fewer restrictions related to age, stroke severity, comorbidities or other relative contraindications were applied and the time window was increased from 3 to 4.5 hours in November 2008, leading to fewer patients excluded because of arriving too late. Long pre-hospital time delays underline the importance of improving stroke recognition via continuous public awareness campaigns and use of simplified pre-hospital stroke scales (eg, FASTER protocol 24 ) by dispatchers and paramedics. Furthermore, triage, routines of pre-notification of specialised hospitals and diagnosis by telemedicine approaches could optimise pre-hospital patient flow.
25-29 A significant number of patients (especially those with wake-up strokes) would also benefit from a further extension of the time window: several such late revascularisation trials are now in progress. [30] [31] [32] The relative frequency of reasons for nonthrombolysis was similar to previously published data, 15 33-35 but we found more patients excluded because of advanced age or unknown stroke onset. The large number of patients excluded because of unknown stroke onset, especially in the second observation period, may be due to an increase of such patients referred to us after our randomised pilot trial on thrombolysis for unknown stroke onset. 36 In the first half of the observation period, age >80 years was a main reason for non-thrombolysis. 'Too severe stroke' or rapid improvement was also found as a reason but, because of low frequencies, did not contribute to the failure of thrombolysis in a substantial way. In the second half of the observation period, after the age restriction was removed, 'too mild stroke' became a relatively more frequent reason for non-thrombolysis, although we lowered our threshold NIHSS score from 6 to 4 and recommended thrombolysis for patients with isolated aphasia or hemianopia. Significantly more patients in the second observation period were not thrombolysed because of comorbidities, pre-stroke dependency or bleeding risks, probably reflecting an increasingly fragile stroke population over time. Many trials now confirm the safety and efficacy of thrombolytic therapy in patients with too mild stroke symptoms and in those aged >80 years. 9-11 22 23 However, only one of these trials (International Stroke Trial-3 6 ) had a randomised controlled design with pre-specified subgroup analysis. The main benefit in this study was seen within the first 3 hours. Another randomised trial focusing on the elderly is in progress (Thrombolysis in Elderly Stroke Patients in Italy 37 ). Thrombolysis is also effective in patients with mild stroke symptoms [38] [39] [40] [41] [42] [43] and can be improved by multimodal imaging. 44 The strengths of our study are pre-specified and detailed documentation of exclusion criteria for thrombolysis. Its limitation is its monocentric character with specialised stroke care, where a subset of patients with AIS was specifically referred for acute recanalisation therapy. Still, 77.8% of the population examined came from our primary catchment area and most non-thrombolysed patients came from this area.
CONCLUSIONS
Liberalising criteria for thrombolysis were associated with an increase in thrombolysis of stroke patients at our centre. Onset-to-admission delays remain the main exclusion criteria for thrombolysis, emphasising the need for better pre-hospital stroke identification and patient delivery. However, in patients
